Five actinomycete isolates, CPB1-1 T , CPB2-10, BM1-4, CPB3-1 and CPB1-18, belonging to the genus Streptomyces were isolated from marine sediments collected from Chumphon Province, Thailand. They produced open loops of warty spore chains on aerial mycelia. LLDiaminopimelic acid, glucose and ribose were found in their whole-cell hydrolysates. Polar lipids found were diphosphatidylglycerol, phosphatidylethanolamine, lysophosphatidylethanolamine, phosphatidylglycerol, phosphatidylinositol and phosphatidylinositol mannoside. Menaquinones were MK-9(H 6 ), MK-9(H 8 ), MK-10(H 6 ) and MK-10(H 8 ). Major cellular fatty acids were anteiso-C 15 : 0 , anteiso-C 17 : 0 and iso-C 16 : 0 . The taxonomic position of the strains was described using a polyphasic approach. BLASTN 
Members of the genus Streptomyces, belonging to the family Streptomycetaceae, are aerobic, Gram-stain-positive filamentous actinomycetes with extensively branched substrate and aerial mycelia. The characteristics that distinguish members of the genus Streptomyces from those of other related genera in the family Streptomycetaceae, Kitasatospora and Streptacidiphilus, are the presence of LL-diaminopimelic acid together with non-characteristic sugars in whole-cell hydrolysates (K€ ampfer, 2012) . Strains representing the genus Streptomyces are widely distributed in various habitats, including soil (Xu et al., 1996; Sripreechasak et al., 2013; Lee et al., 2014; Ser et al., 2015) , plants (Liu et al., 2013; Mingma et al., 2015) , marine sponges (Khan et al., 2010) , freshwater (Xu et al., 1998) and marine sediments (Hu et al., 2012; Phongsopitanun et al., 2014) .
Since the discovery of the obligate marine actinomycete genus Salinispora, marine environments have been considered as a potential source for the discovery of novel actinomycetes as well as their novel bioactive compounds. During our previous screening for marine actinomycetes and their antibacterial compounds in Thailand, the five actinomycete strains CPB1-1 T , CPB2-10, BM1-4, CPB3-1 and CPB1-18
were isolated from near-shore marine sediment samples collected from Chumphon beach, Thailand. In this present paper, we describe the taxonomic position of a candidate novel actinomycete species based on a polyphasic approach.
Marine sediment samples were collected from Chumphon beach (10 43¢ 18 † N 99 23¢ 12 † E), Chumphon Province, Thailand, in June 2011. The sediment samples were air-dried at room temperature for 7 days, and then the actinomycetes were isolated as previously described (Phongsopitanun et al., 2014) . The pure cultures of the five actinomycete strains isolated (CPB1-1 T , CPB2-10, CPB3-1, BM1-4 and CPB1-18) were maintained on slants of ISP2 medium supplemented with 50 % (v/v) artificial seawater (Marinium) (Shirling & Gottlieb, 1966) . For long-term preservation, these strains were freeze-dried as well as freezing at À20 C in 20 % (w/v) glycerol solution.
Morphological and cultural characteristics of these strains were determined according to the standard methods for characterization of species of the genus Streptomyces except for the slight modification of media supplementation with 50 % (v/v) artificial seawater (Shirling & Gottlieb, 1966) . The colour of the aerial mass, substrate mycelium and diffusible pigment were determined using the ISCC-NBS colour system (Kelly, 1964) . Levels of growth on ISP2, ISP3, ISP4, ISP5, ISP6 and ISP7 and marine agar media (Difco) were recorded after culturing at 30 C for 14 days. Spore morphology was observed after cultures were grown at 28 C for 14 days on ISP 2 medium using light microscope and a scanning electron microscope (JSM-5410LV, JEOL). Phenotypic properties were tested using standard methods (Williams & Cross, 1971; Arai, 1975) . Temperature (20, 30, 37, 45, 50 C) and pH (4.0-9.0, at intervals of 1.0 pH unit) [achieved by using each of the following buffers: acetate buffer (pH 4.0-5.0), phosphate buffer (pH 6.0-7.0) and Tris buffer (pH 8.0-9.0); Sorokin, 2005] for growth as well as NaCl tolerance (0-7 %, w/v, at 1.0 % intervals) were determined using cultures grown on ISP2 agar at 30 C for 14 days.
Freeze-dried cells for chemotaxonomic studies were obtained from cultures grown in yeast-dextrose broth [1 g yeast extract, 1 g dextrose, 100 ml 50 % (v/v) artificial seawater, pH 7.5-7.8] at 30 C for 5 days with shaking. Standard TLC procedures were used to determine the isomer of diaminopimelic acid and sugars in whole-cell hydrolysates (Staneck & Roberts, 1974) , the presence of mycolic acid (Tomiyasu, 1982) and polar lipids (Minnikin et al., , 1984 . The acyl type of muramic acid was determined using the method of Uchida & Aida (1984) . Menaquinones were extracted using the method of Collins et al. (1977) and were analysed by HPLC with a Cosmosil 5C18 column (4.6Â150 mm, Nacalai Tesque). Fatty acid methyl esters were extracted following the method described by Sasser (1990) and analysed using gas chromatography according to the Microbial Identification System (Sherlock Microbial Identification System, MIDI).
Genomic DNA was extracted from freeze-dried cells using the method of Raeder & Broda (1985) . The PCR amplification and sequencing (Macrogen, Korea) of the 16S rRNA gene was performed using universal primers (Lane, 1991) as described by Suriyachadkun et al. (2009) . BLASTN analysis of the sequences was determined using the EzTaxon-e server (http://eztaxon-e.ezbiocloud.net/; Kim et al., 2012) . The 16S rRNA gene sequences were aligned with the selected sequences from the GenBank/EMBL/DDBJ database based on CLUSTAL W (Thompson et al., 1997) using BioEdit software (Hall, 1999) . The neighbour-joining (NJ; Saitou & Nei, 1987) , maximum-parsimony (MP; Fitch, 1971) and maximum-likelihood (ML; Felsenstein, 1981) phylogenetic trees were reconstructed using MEGA version 6.0 (Tamura et al., 2013) . Gaps and ambiguous nucleotides were eliminated before the calculation. The confidence values of branches were evaluated using bootstrap analysis (Felsenstein, 1985) based on 1000 replications. DNA-DNA hybridization was determined as described by Ezaki et al. (1989) . Furthermore, to confirm that these strains were not the same clone, the (GTG) 5 -rep-PCR (Endoh et al., 2008) and BOX-PCR (Versalovic et al., 1994; Trujillo et al., 2010) fingerprints were determined.
All five strains (CPB1-1 T , CPB2-10, CPB3-1, BM1-4 and CPB1-18) grew well on ISP2, ISP4, ISP5, ISP6, ISP7 and marine media but grew poorly on the ISP3 medium. A white to greenish-grey aerial mass was observed after the culture was grown on most ISP and marine media except for on ISP3 medium where no aerial mycelium formed. A light to strong yellow-green pigment was observed on various ISP media (except ISP3, where no pigment was present) and marine agar. The cultural characteristics of all the strains are summarized in Table S1 (available in the online Supplementary Material). The strains produced open loops of spiral spore chains (retinaculum-apertum type) on ISP2 medium. The spiral nature of the spore chains could be observed for immature spores. Each chain of spores contained 13-15 warty spores of 0.7-1.0Â0.8-1.3 µm in size and ellipsoid to ovule shape ( Fig. 1) . Growth was found to occur at 20-45 C (optimum 30-37 C) and pH 6.0-9.0 (optimum pH 8.0-9.0) with a maximum NaCl tolerance of 
Detailed phenotypic properties are shown in Table 1 and in the description of the species.
All strains contained LL-diaminopimelic acid in the cell-wall peptidoglycan. Whole-cell sugars of these strains contained glucose and ribose, but no diagnostic sugar pattern was present (Lechevalier & Lechevalier, 1970) . Mycolic acids were absent. N-Acyl muramic acids were acetyl. The menaquinones of strain CPB1-1 T were MK-9(H 6 ) (43 %), MK-9(H 8 ) (26 %), MK-10(H 6 ) (20 %) and MK-10(H 8 ) (11 %), while the major cellular fatty acids were anteiso-C 15 : 0 (37.3 %), anteiso-C 17 : 0 (20.8 %) and iso-C 16 : 0 (18.5 %) ( Table S2 ). The cellular fatty acid profiles of strain CPB1-1 T and related species of the genus Streptomyces were similar, but the proportions of some components were different (Table S2 ). The polar lipids of strain CPB1-1 T were diphosphatidylglycerol, lysophosphatidylethanolamine, phosphatidylethanolamine, phosphatidylglycerol, phosphatidylinositol mannoside, phosphatidylinositol, two unidentified aminolipids and two unidentified phospholipids (Fig. S1 ). According to Lechevalier et al. (1977) , this polar lipid pattern is classified as polar lipids type PII. In addition, Streptomyces fenghuangensis NRRL B-24801 T contained diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylglycerol, phosphatidylinositol mannoside, phosphatidylinositol, one unidentified aminolipid, two unidentified phospholipids and an unidentified glycolipid (Fig. S1 ), which is similar to the polar lipids of 'Streptomyces mangrovicola' GY1 (=NCIMB 14980) (Yousif et al., 2015) , Streptomyces barkulensis RC 1831 T (=JCM 18754 T ) (Ray et al., 2014) and Streptomyces radiopugnans R97
T (Mao et al., 2007) . The presence of lysophosphatidylethanolamine was useful to distinguish strain CPB1-1 T from the closely related species of the genus Streptomyces as mentioned above.
The almost-complete 16S rRNA gene sequences of these five strains (CPB1-1 T , CPB2-10, CPB3-1, CPB1-18 and BM1-4) ranged from 1403 to 1452 nt. The strains showed the highest 16S rRNA gene sequence similarity to 'Streptomyces mangrovicola' GY1 (=NCIMB 14980) (99.0 %), Streptomyces fenghuangensis GIMN4. Based on the spore morphology, chemotaxonomic characteristics and phylogenetic trees, the five strains of this study (CPB1-1 T , CPB2-10, CPB3-1, BM1-4 and CPB1-18) had characteristics consistent with those of members of the genus Streptomyces (K€ ampfer, 2012) and so were classified in this genus.
To confirm the novel species status of these five strains ( . These values were lower than the 70 % cut-off level for assigning strains to the same species (Wayne et al., 1987) , and so strain CPB1-1 T is representative of the other four strains, all belonging to a single novel species.
Examining strain CPB1-1 T further as a type strain and representative example of the other four strains, it showed typical characteristics consistent with CPB2-10, CPB3-1, BM1-4 and CPB1-18. However, several characteristics varied between those strains, such as the utilization of D-mannose, L-arabinose and D-xylose, and the enzyme activities of lipase (C14), valine arylamidase, acid phosphatase and a-glucosidase (Table 1) . These results showed the variable phenotypic properties between strains representing the same species. Furthermore, these five strains were not the same clone based on the (GTG) 5 -rep-PCR and BOX-PCR fingerprints (Fig. S4) . Compared with the closely related species of the genus Streptomyces, the selected strain, CPB1-1 T , could be distinguished by its spore chain morphology, cultural characteristics on agar media, maximum temperature for growth, tolerance of NaCl, nitrate reduction and utilization of D-mannose, L-arabinose, D-fructose, D-xylose and cellobiose (Tables 1 and S1 ). In addition, the presence of lysophosphatidylethanolamine in the phospholipid profile was distinctive from Streptomyces fenghuangensis NRRL B-24801 T and related type strains ( Fig. S1 ; Yousif et al., 2015; Ray et al., 2014; Mao et al., 2007) . According to Ray et al. (2014) , growth of Streptomyces barkulensis RC 1831 T was not observed on ISP2 agar medium. However, in our present study this type strain grew well on ISP2 agar (Table S1 ).
It is evident from the phenotypic, chemotaxonomic and genotypic data mentioned above that strains CPB1-1 T , CPB2-10, BM1-4, CPB3-1 and CPB1-18 should be classified as representing a novel species of the genus Streptomyces, for which the name Streptomyces verrucosisporus sp. nov. is herein proposed.
Description of Streptomyces verrucosisporus sp. nov.
Streptomyces verrucosisporus (ver.ru.co.si.spo¢rus. L. adj. verrucosus covered with warts; Gr. fem. n. spora a seed and, in biology, a spore; N.L. masc. adj. verrucosisporus with warty spores).
Gram-stain positive, aerobic, non-motile actinomycete which produces extensively branched substrate and aerial mycelia. Good growth is observed on ISP2, ISP4, ISP5, ISP6, ISP7 and marine agar media but poor growth is observed on ISP3 medium. White to greenish-grey aerial masses are observed after growth on most ISP and marine media except for on ISP3. A light to strong yellow-green pigment is produced when grown on various ISP media and marine agar, except no pigment is produced on ISP3 medium. An open-looped spiral spore chain (retinaculum-apertum type) is observed on agar media, with ellipsoid to ovule spores of 0.7-1.0Â0.8-1.3 µm in size. Nitrate reduction, gelatin liquefaction, hydrolysis of starch and aesculin and skimmed milk peptonization are positive. D-Glucose and cellobiose are used as carbon sources, while cellulose, myo-inositol, D-fructose, D-mannitol, raffinose, D-ribose, D-salicin and sucrose are not. The utilization of L-arabinose, D-mannose and D-xylose as a carbon sources is variable among strains. Based on the API ZYM system, positive activity is observed for alkaline phosphatase, esterase (C4), esterase lipase (C8), b-glucosidase and leucine arylamidase, with no cystine arylamidase, a-chymotrypsin, a-fucosidase, b-galactosidase, b-glucuronidase, amannosidase, N-acetyl-b-glucosaminidase or trypsin activity. The activities of acid phosphatase, a-galactosidase, a-glucosidase, lipase (C14), napthol-AS-BI-phosphohydrolase and valine arylamidase are variable. The temperature and pH range for growth is 20-45 C (optimum 30-37 C) and pH 6.0-9.0 (optimum pH 8.0-9.0), with no growth at 15 C or 50 C and a maximum NaCl tolerance for growth of 6 % (w/v). Seawater is required for growth. Whole-cell hydrolysates contain LL-diaminopimelic acid, while mycolic acids are absent. The acyl type of the cell-wall muramic acid is acetyl. Whole-cell sugars present are glucose and ribose. Polar lipids contain diphosphatidylglycerol, lysophosphatidylethanolamine, phosphatidylethanolamine, phosphatidylglycerol, phosphatidylinositol and phosphatidylinositol mannoside. Menaquinones are MK-9(H 6 ), MK-9(H 8 ), MK-10(H 6 ) and MK-10(H 8 ), while the major cellular fatty acids are anteiso-C 15 : 0 , anteiso-C 17 : 0 and iso-C 16 : 0 .
The type strain, CPB1-1 T (=JCM 18519 T =PCU 343 T =TISTR 2344 T ), was isolated from near-shore marine sediment collected from Chumphon beach, Chumphon Province, Thailand.
